INTRODUCTION
Nigeria is a nation with many agricultural products. Such products include rice, sorghum, wheat, plantains, yams, okra, and cassava. Most of these products are available on a seasonal basis and normally require a short time to mature. They are, therefore, abundant during harvest with the supply tapering off as the next harvest approaches. Consequently, a good percentage of these farm products spoil during the abundant period. It should be noted that cassava alone provides the major source of dietary calories; it is used as a cheap source of carbohydrate food for man and livestock. [1] For human consumption, it can either be cooked or eaten raw as a vegetable or it can be grated and roasted into flour and eaten as gari. A fundamental property of biological material, which influences dehydration, shelf life prediction, and storage stability, is the water sorption characteristics. [2] Many authors have presented the sorption isotherms of foods that can be found in Nigeria. While some of these authors have modeled their data, others have not. The authors have also used different criteria to assess the suitability of the model to fit their sorption data. The main objectives of this work are to use a set of nine models to predict the sorption isotherm for some Nigerian foods and to use three different criteria to assess their suitability. The sorption data have been obtained from literature.
DATA SOURCES AND ANALYSIS Water Sorption Data
A total of ninety-one sorption isotherm data sets for different Nigerian foods have been obtained from literature. The sources are summarized in Table 1 . The collected data are divided into three groups: cassava based, grains, and others. With the exception of Onayemi and Oluwamukomi [3] who presented the sorption data in tabular form, the data are in graphical form. The actual values used for this work are extracted from these graphs. A minimum of six pairs of equilibrium moisture [16] ORDER REPRINTS content (m) and water activity (a w ) were extracted from each graph. The ranges for m and a w for each product are also included in Table 1; the actual values are shown in  Table 2 .
Sorption Models
Available models are either dependent or independent of temperature. Those that are independent of temperature, in general, give a better fit for the sorption data at any given temperature. They are either linear or can easily be linearized. For this work, we have used nine such models to fit the extracted sorption data. The linear forms of these models are shown in Table 3 where m o is the monolayer moisture content; c and k are related to the monolayer and multilayer properties respectively; A and B are empirical constants; m o , c, and k must be positive to have any physical meaning. [4] Also, k and c are both temperature dependent and are related to the interaction energy between water and food and the interaction energy between the multiple layers of water, respectively. [15] As can be seen from Table 3 , the GAB and Iglesias-Chirife models are threeparameter equations while the others are two-parameter equations. The GAB and BET models have theoretical bases [2] while the others are empirical. When the parameter k is 1, the GAB equation reduces to the BET equation. For any particular product, the numerical values of m o and c obtained using the BET and GAB models are usually different. It has also been observed that most models can only predict the sorption for a particular range of activities. For example, the BET model is known to give a good fit for a w up to 0.43. [15] However, our use of the nine models is to ascertain whether any of them would predict the sorption data for the whole range of interest. It should be noted that apart from Sanni et al. [2] who used five of the models presented, other authors have used at most three such models.
Assessing Goodness of Fit
Different statistical parameters have been used in the literature to assess the suitability of the models for predicting the sorption data. Some of these parameters are [6, 28, 29] : coefficient of determination (r 2 ), standard error of the estimate for water activity (SE), mean relative percentage deviation (P %), Root mean square deviation (B), 2 -test, and plots of residuals.
From Table 3 , it is apparent that the linear forms of the models are transformed sorption data variables. Hence, a value of r 2 close to 1 does not necessarily imply that the model fits the actual data very well. From a practical point of view, P permits a direct visualization of the fitting ability of a given model. The residual plot is useful for detecting inconsistencies between experimental and calculated values. A random distribution of the residuals around zero indicates that the model correctly represents the particular set of data. For comparison of the various models listed in Table 3 , we have used only r 2 , SE, and P.
RESULTS AND DISCUSSIONS
For each product and at a given temperature, the model that gave the best fit using r 2 , SE, and P as criteria are shown in Table 4 . It can be seen that, except for Table 4 will also reveal that the GAB model fits 76% of the cassava products, BET [17] a w ð1 À a w Þm
Bradley [18] ln(Àln a w ) ¼ ln(ÀA) þ m ln B Caurie [19] ln m ¼ A À 100/(B a w ) Exponential [20] ln m ¼ ln A þ B a w GAB [21] [22] [23] a w m
Iglesias and Chirife [24] ln (m þ (m 2 þ m 0.5 ) 0.5 ) ¼ A þ B a w Kuhn [25] m ¼ A/ln a w þ B Oswin [26] ln m ¼ ln A þ B ln[a w /(1 À a w )] Smith [27] m [24] ).
The GAB, BET, and Caurie models gave poor fits if r 2 is used as the fitness criteria. The r 2 for the GAB model varies from 0.9291 to 0.9971 for cassava-based products, 0.4821 to 0.9998 for grains, and 0.018 to 0.9931 for others. This shows that although the GAB model was not the best for cassava-based products, it was also not the worst when r 2 is used as the criterion. The BET model is known to be a good fit for a w up to 0.43 [15] ; this explains why it was a poor fit for our data since the a w s are higher than 0.50 (see Table 1 ). It would appear that the Caurie model is not suitable for the data sets used for this work. The GAB parameters are shown in Table 4 . For any given product, each of the parameters varies with temperature. This confirms the earlier results [2, 16] which showed that the influence of temperature on GAB parameters can be calculated with an Arrhenius form of equation. Table 4 also shows that m o is negative for ripe plantain at 40 and 50 C and for yam flour at 25 C despite their respective P and SE values being the lowest. Since a negative m o has no physical meaning, it follows that the GAB model cannot be used for these data.
The 95% confidence interval for the average values of m o , c, and k (ignoring the negative values) is computed for each type of food products, shown in Table 5 .
The average values for k are less than 1 and are approximately constant (two decimal place accuracy) for each of the food product types. Our data, therefore, validate the fact that, theoretically, values of k should be less than 1. The confidence intervals for m o and c are much larger than that for k. It would, therefore, appear that, within the 95% confidence limit, only m o and c vary with temperature.
A two-way analysis of variance was also used to compare the values of P, r 2 , and SE obtained for the nine models when applied to the various sorption data. The results are summarized in Table 6 . Note that F(P), F(r 2 ), and F(SE) are the calculated F values for P, r 2 , and SE data respectively while F crit represents the critical F-Statistic values at the specified probabilities (p ¼ 0.05 and p ¼ 0.01). Table 6 shows that the computed F values are significantly greater than the critical F values at the 0.05 or 0.01 levels. We can, therefore, conclude that there is significant difference among the nine models considered, irrespective of the criteria used. The variability is highest when r 2 is used as the criterion, followed by P while SE is the lowest. The ability of one or more criteria to predict the same best model is shown in Table 7 . This table shows that none of the three criteria gave the same best model for 7% of the data sets used while the three criteria gave the same best model for 15% of the data sets. It would also appear that using either P or SE would give the same best model for a majority of the data sets used. This is probably because the linear form is a transformation of m and/or a w . Thus, the r 2 is an assessment of how linear the transformed variable is rather than the actual variable. P and SE are dependent on the actual variables, and these probably explain why these two criteria gave similar results for most of the foods. The results for the worst model (not shown here) also follow similar trend.
CONCLUSION
The sorption isotherm data for thirty Nigerian foods at various temperatures have been modeled by using nine different equations. The goodness of fit for each model was assessed by using three statistical parameters. It was found that one parameter is not good enough to assess the predictive ability of the models. Using either the mean percentage deviation or standard error of the estimate as the criterion as the parameter, the GAB model fits roughly 60% of the data. For cassava-based products, the GAB model gives the best fit for 75% of the data sets. With the coefficient of determination as the criterion, the GAB model is not as good as other models such as the Exponential, Bradley, or Smith models. Except for very few cases, the three criteria did not produce the same best model for any particular data set. 
